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Abstract. Rapid urbanization and continuous growth in motorization require comprehensive
approaches to selecting transport interchange design solutions in densely developed urban areas,
where traffic, spatial, and economic constraints must be considered simultaneously. The aim of this
study is to justify the optimal design solution for a transport interchange at the intersection of Zhibek
Zholy and Sairamskaya Streets in Shymkent, Kazakhstan. The research methodology included a review
of international experience and regulatory requirements, field traffic surveys, assessment of existing
planning and geometric constraints, traffic demand forecasting, and comparative evaluation of
alternative engineering solutions. Two interchange configurations were developed and assessed: a
two-level scheme with flyovers and turnaround ramps, and a three-level configuration incorporating
an intermediate roundabout. The results demonstrate that the first alternative leads to overloading of
individual interchange elements, requires additional demolition of surrounding buildings, and involves
substantially higher construction costs. In contrast, the second alternative provides sufficient traffic
capacity under projected demand, distributes traffic flows more efficiently, minimizes impacts on the
surrounding urban environment, and reduces overall construction costs. The study concludes that a
compact three-level interchange with an intermediate roundabout represents the most balanced
engineering solution for densely built urban areas by effectively integrating transport performance,
spatial feasibility, and economic efficiency. The proposed approach can support transport
infrastructure planning and decision-making in rapidly developing cities.
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FbIJIbIM MAKAJIA

THIFbI3 KAJAJIBIK KYPBLIBIC )KAF JAHBIHIA KOJIK
AWPBIFBIH CAJIYFA APHAJIFAH )KOBAJBIK IIELITMIEP/I
HEI'BAEY: LIBIMKEHT KAJACHI MBICAJIBIH/IA

H. Ioreaosa' @ | A. Benenerro?® | @. Epaayaerkpioi!* @

J1.B. Tonuapos ateiagars! Kazak aBToMoOMIb-3k071 HHCTUTYTHI, 050028, Anmatsl, Kazakcran
ZPoma Tpe yausepcuteti, 00146, Pum, Utanus

Anparna. Kapxvinovl ypoanoany sicone a8moKeiK CAHbIHbIY MYPAKmbl OCYi Hca20aublHOa
Mbl&bL3 KALATLIK KYPLIbIC AYMAKMAPLIHOA KOTK AUPbIKMAPbIHbIY OHMALIbL JCOOATbIK UeuiMOepiH
manoay Koejik, KeHICMIKMIK JHCoHe IKOHOMUKALLIK haKmoprapobl KeueHoi mypoe eckepyoi manan
emeoi. 3epmmeyodin maxcamol — [llvimkenm xanacvinoaewt JKioek swconvt men Cavipam xeutenepiniy
KUBLILICLIHOA KOJIIK AUPbLIZbIHLIY OHMAUILL JHCOOANbIK WeuliMin He2izoey. 3epmmey adicmemeci
XAnblKAPAIblK Madcipude MeH HOpMAMUBMIK Kyacammapovl manidayobl, KoK deblHOAPbIHA 0AaANbIK
3epmmeynep  AHcypeizyoi, KONOAHBICMAS HCOCNAPNAY HCIOHE 2eOMEMPUANbIK  weKkme)ynepoi
bazanayovl, ecenmix KezeHee apHANAH KONIK KO32AILICLIHbIY KAPKLIHOBLILIZIH O0NAHCAYObL JiCoHE
banamanvt HcobANbIK weuimoepoi carblcmulpmavl 6a2anayovl Kammulobl. 3epmmey 6apblcblHOa eKi
HYCKA KApacmuipbliobl: 3CMAaxkadaiap meH Kepi OYpolavic cvezoepi 6ap cxema dicone apanvlk
Odeneelide aUMHAIMAbL KO32AAblcbl Oap yut Oeneeuni cxema. Homuoicenep Oipinuii HYCKanbiH
JHceKenecer deMeHmmepIiHiH WamMaoan mulC HCYKMeNeminiH, KOCbIMUula umapammapost 6y3yovl
manan ememiHin JcoHe KYPoLIblC KYHbIHbIH JHCOLAPbL eKeHiH Kopcemmi. Al eKinwi HYCKa Kadicemmi
omKi3y Kabiiemin Kammamacols emin, KO32ablC JHCyKmemecin muimoi 06enedi, KoaoaHblcmagbl
KYpblLIblcKa  acepOi  a3aumaolsl  JiCoHe KYPbLIbIC — WbIebIHOApbiH  momendemedi. 3epmmey
KOpbImMbIHOLICHL OOUbIHULA APATbIK OeHeelioe AUHAIMANbL KO38AIbIChlL O0ap bIKULaM Yl OeHeeli KoK
aupvizbl Muigbl3 KANALbIK KYPbLIbIC HCAROAUBIHOA KOMK MUIMOLNiel, KeHiCMIKMIK iCKe acblpbliybl
JICOHE IKOHOMUKANBIK MUIMOLNIZI apacblHOa2bl OBMAllibl mene-menoikmi KAMmamacol3 ememin ey
MuUimMOi UHICEHePiK uiewim 60abin madsliaobl.

Tyiiin ce3nep: keoaik atipvlebl, MbIbI3 KALAIbIK KYPbLIbIC, KO32AMbIC KAPKbIHObLIbIRYL,
Konoeneelni KUbLIbICMap, KOule-Jicol Jcelici, KOaiK UHDPAKYPbLIbIMbL
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AHHOTAUMS. B YCr08USX UHMEHCUBHOU YPOAHU3AYUU U POCmda aAsMOMOOUTU3AYUU BbIOOD
PAYUOHATLHBIX NPOEKMHBIX peulerull 0Jis1 MPAHCHOPMHBIX PA3BA30K 8 NIOMHOU 20POOCKOU 3ACmpotiKe
mpeOyem KOMNIEKCHO20 y4ema mpaHCnopmHblX, NPOCMPAHCINEEHHBIX U IKOHOMUYECKUX (BAKMOPOs.
Lenvio uccredosanus sensemcs 060CHOBAHUE ONMUMATLHO2O APUAHINA MPAHCROPMHOU PA36SI3KU HA
nepecevenuu ynuy Kubex Konvt u Catipamckas 8 eopode Lllvimxenm. Memooonozus ucciedosanus
BKIIOUANA AHAU3 MENCOVHAPOOHO20 ONbIMA U HOPMAMUBHBIX MPeOOBAHUL, NPOBEOEHUE HAMYPHBIX
06C1e008aH ULl MPAHCHOPIMHBIX NOMOKO8, OYEHKY CYUeCMEYIOUUX RAAHUPOBOUHBIX U 2COMEMPULECKUX
OcpaHuyenutl, NPOSHOZUPOBAHUE  UHMEHCUBHOCU  OBUMICEHUSI HA — PACHemHblll  nepuod U
CPABHUMENLHYIO OYEHKY ANIbMePHAMUGHBIX NPOEKMHbIX pewtenutl. Paccmompenvl 0sa eapuanma
PA3653KU: CXeMa ¢ ICMAKAOaMU U PA3oOPOMHbIMU Cbe30aMU, a MAKdce MpPexyposHedas cxema C
NPOMENCYMOUHBIM KOTbYEBbIM O8UdICEHUEeM. Pe3ynbmamupl nokazaiu, Ymo nepeviil apuanm npusooum
K nepezpyske OMOEIbHbIX JIeMEHMO8 pa3ea3Ku, mpebyem OONOIHUMENIbHO20 CHOCA 30aHUll U
xapaxmepusyemcsi bonee 8bICOKOU CIMOUMOCbIO CIMpoUmenlbcmea. Bmopotl eapuanm obecneuusaem
HeoOX00UMYI0 NPONYCKHYI0 CHOCOOHOCMb, CHUJICAEM HASPY3KY HA OMOelbHble HANPAasLeHus
0BUIICEHUSl, MUHUMUZUPYEM B030€UCMEUe HA CYUeCMBVIOWYI0 3ACMPOUKYy U uUMeem MeHbULYIO
opuenmupogounyto cmoumocmv. Coenran 6vl600, YMO KOMNAKMHASL MPEXYPOBHEBAs. PA3BIAKA C
GHYMPEHHUM KOIbYEBbIM 08UIICEHUEM AGISEMCS Hauboiee COANAHCUPOBAHHBIM peulenuem OJisl YCA0GULL
NIOMHOL 20POOCKOU Cpeobl.

KiwueBble cioBa:  mpancnopmuas — paszeazka,  NIOMHA — 20po0CKas — 3acmpotixa,
UHMEHCUBHOCHIL OBUIICEHUST, MHO20YPOBHEBbLE NEPeCeueHUsl, YIUUHO-O0POICHAS CEeMb, MPAHCNOPMHAS

ungpacmpyxmypa
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1 INTRODUCTION

Transport interchanges represent essential elements of urban road networks, ensuring increased
traffic capacity, reduced delays, and improved road safety [1-4]. Under conditions of rapid
urbanization and continuous growth of motorization, the modernization of overloaded intersections
has become one of the key challenges of transport infrastructure development, particularly in large
cities characterized by dense urban development and limited territorial resources [5-7].

International experience demonstrates that grade-separated interchanges, including cloverleaf,
directional, and multi-level configurations, are effective solutions for improving traffic performance
and reducing conflict points [8-14]. However, their implementation in densely developed urban areas
is often associated with significant engineering and socio-economic challenges, including high
construction costs, limited right-of-way, relocation of utility networks, and negative impacts on the
surrounding urban environment. These circumstances require comprehensive justification of design
solutions at the early planning stages.

Despite the considerable number of studies [9-13] devoted to transport interchanges, most
existing research focuses primarily on traffic performance indicators or individual engineering
solutions. Spatial constraints, urban-planning factors, and socio-economic impacts are usually
considered separately. As a result, there is a lack of integrated approaches capable of combining
transport efficiency with the specific requirements of dense urban environments. This issue is
particularly relevant for rapidly developing cities of the Republic of Kazakhstan, where increasing
motorization and limited opportunities for infrastructure expansion create additional challenges for
transport planning.

Therefore, a clear research gap exists in the lack of a comprehensive methodology for selecting
transport interchange design solutions that simultaneously integrates technical, spatial, and economic
criteria within a unified decision-making framework.

The aim of this study is to justify design solutions for the construction of a transport interchange
under conditions of dense urban development based on a systematic multi-criteria approach. To
achieve this objective, international experience in interchange design was analyzed, the transport and
spatial characteristics of the studied intersection in Shymkent were assessed, alternative design
solutions were developed, and a comparative evaluation of the proposed options was performed.

The scientific novelty of the study lies in the integrated justification of transport interchange
design solutions through the combination of international experience, assessment of local spatial
constraints, and comparative techno-economic analysis of alternative engineering schemes. Unlike
conventional approaches focused mainly on traffic capacity, the proposed methodology
simultaneously considers transport efficiency, urban-planning limitations, and socio-economic
factors.

The practical significance of the research lies in the possibility of applying the obtained results
to the design and reconstruction of transport hubs in large cities of Kazakhstan and other rapidly
developing urban areas characterized by constrained spatial conditions.

International studies devoted to transport interchanges in dense urban environments can
generally be classified into three major research directions.

The first group of studies focuses on the transport efficiency of grade-separated intersections,
mainly addressing capacity enhancement, delay reduction, and traffic safety improvement [14;15].
These studies consistently demonstrate the advantages of multi-level solutions over at-grade
intersections. However, most of them are based on idealized traffic conditions and primarily evaluate
operational indicators without considering spatial limitations and the influence of surrounding urban
development. Consequently, their applicability to densely built urban areas remains limited.

The second group of studies investigates urban-planning, environmental, and social aspects
associated with transport infrastructure integration [9; 16-18]. These studies emphasize the
importance of minimizing visual intrusion, preserving existing buildings, and reducing negative
social impacts. Nevertheless, the majority of these works provide mainly qualitative assessments and
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do not propose engineering criteria for selecting optimal interchange configurations. As a result,
urban-planning considerations are often analyzed separately from transport performance indicators.

The third research direction is associated with intelligent traffic management systems and
innovative intersection concepts [19; 20]. These approaches demonstrate considerable potential for
increasing capacity and reducing delays through connected and automated transport technologies.
However, most of these concepts are still at the experimental stage and require a high level of
technological maturity, which restricts their practical implementation, especially in developing
countries.

The results summarized in Table 1 demonstrate that each engineering approach possesses both
significant advantages and substantial limitations. Grade-separated interchanges provide high
capacity and safety; however, their implementation under dense urban conditions is often constrained
by limited space, high construction costs, and adverse impacts on surrounding development. At the
same time, studies addressing urban-planning and social aspects rarely provide quantitative criteria
for engineering decision-making. This indicates the necessity of balancing transport performance
with spatial and economic constraints.

Table 1 - Comparative analysis of international experience in designing transport interchanges under conditions of dense
urban development [Authors’ material]

Analysis

criterion Identified advantages Identified limitations and problematic aspects ~ Source

A significant increase in capacity Limited opportunities for expansion and mod-

Road Network through the separation of traffic o . - [15;
. Lo ernization under constrained existing develop-
Capacity flows by levels and directions of . 21]
ment conditions
movement

Reduction in the number of conflict Increased requirements for ramp geometry
2 Road Traffic points and accident rates through and sight distance, with a higher risk of acci- [21;
Safety the elimination of at-grade intersec-  dents at merge and diverge areas under condi- 22]

tions tions of insufficient space
. The possibility of redistributing traf- A shortage of space for a_ccommodatlng )
Spatial . . . ramps, connectors, and turning elements, and [16;
. fic flows without the implementa- . . . ,
Constraints X . . the necessity of integrating structures into the 21]
tion of signalized control .
existing development
Economic Long-term benefits resulting from High construct!on costs, relo_catlon of utility [21;
4 indicators reduced transport losses and delays networks, and increased project costs under 23]
constrained conditions

Ufb"?” Improvement of the functional effi- Negatly € |m_pact on the urb_an enwropment, [16;

5 planning . visual intrusion, and potential demolition of
ciency of transport hubs 17]

impact existing buildings

Improvement of traffic conditions  Social tension associated with land acquisition  [16;

6 Social factors and reduction in travel time and construction activities in residential areas 18]

The data presented in Table 1 confirm that each group of solutions is associated with both
significant advantages and substantial limitations. However, the analysis also shows that most studies
consider these factors independently, without providing a unified methodology for balancing
transport efficiency with spatial and urban-planning constraints. This limits the applicability of
existing approaches in real design practice under conditions of dense urban development.

Table 2 shows that although intelligent and innovative traffic management concepts have
considerable potential, their practical implementation remains limited. Conventional grade-separated
and combined interchange configurations continue to represent the most technically feasible solutions

116
https://doi.org/10.51488/1680-080X/2026.2-06


https://doi.org/10.51488/1680-080X/2026.2-06

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

for densely developed urban areas. However, existing studies mainly focus on isolated aspects of
transport performance and rarely provide an integrated assessment of traffic efficiency, spatial
limitations, construction costs, and urban-planning impacts.

Table 2 - Comparison of contemporary approaches to traffic organization at overloaded intersections [Authors’ material]

Ne Solution Primary effect Constraints Source

Grade-separated transport A substantial reduction in con-  High construction costs, implementa-

1 interchanges (classical, di-  flict points and accident rates,  tion complexity, and the risk of form- [22;
amond, and their modifi-  along with a significant increase  ing “bottlenecks” at traffic weaving 24]
cations) in traffic capacity sections
Roundabouts and com- Reduction of traffic conflicts A_cpmprom_lse between_ sa_fety and ‘.Ef' i
. « » S e . ficiency, with a potential increase in [25;
2 bined (“smart”) traffic and simplification of turning .
L delays and queue lengths under high 26]
schemes movement organization

traffic demand

They require a high level of vehicle
and infrastructure automation and
have not yet been implemented in

practice

Intelligent slot-based inter-  Potential twofold increase in ca-
3 sections (conceptual solu-  pacity and a sharp reduction in
tions) delays

[19]

A comparative analysis of the available literature indicates that existing studies are
characterized by a fragmented approach. Traffic efficiency, urban-planning constraints, economic
feasibility, and social factors are usually investigated independently rather than within a unified
decision-making framework. Furthermore, most studies are based on generalized or idealized
conditions and provide limited evidence from real cases in rapidly developing cities with constrained
territorial resources.

Another important limitation concerns the lack of comparative assessments of alternative
interchange configurations under actual urban conditions. Existing research predominantly evaluates
individual engineering solutions without considering the trade-offs between transport performance,
land use constraints, construction costs, and impacts on surrounding development. Consequently, the
practical applicability of many proposed solutions remains limited.

Therefore, a clear research gap exists in the absence of a comprehensive methodological
framework that integrates traffic, spatial, urban-planning, and economic criteria for selecting
transport interchange solutions under conditions of dense urban development. Furthermore, limited
attention has been given to empirical case studies from rapidly developing cities in the Republic of
Kazakhstan, where increasing motorization and constrained opportunities for infrastructure
expansion necessitate balanced and context-sensitive engineering solutions.

This study aims to address this gap by proposing a multi-criteria approach to the justification
of transport interchange design solutions based on real traffic data, spatial constraints, and
comparative evaluation of alternative engineering schemes.

2 MATERIALS AND METHODS

2.1 Study area and object of research
The study area is located within the established urban development of Shymkent and is characterized
by a high density of heterogeneous land uses, including residential, public—business, and commercial
development. The road network is formed by major arterial streets providing connections between
key urban districts.

The object of the study is the intersection of Zhibek Zholy and Sairamskaya streets, which
currently operates as an at-grade intersection and represents one of the most heavily loaded transport
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nodes in the study area [27;28]. The intersection is characterized by high traffic intensity, limited
right-of-way, and the presence of surrounding development and engineering utilities, which
significantly constrain possible design solutions. At the time of the study, the intersection was
characterized by limited capacity and recurrent traffic congestion during peak hours. The existing
traffic organization scheme does not provide the required level of service and does not meet projected
traffic demand. The spatial layout of the intersecting streets, adjacent development, and elements of
the road network are shown in figure 1.

P

S?r?-rh*’Slreet & Zhibek ZtB1Y Averiie Al aes
A g

o

Figure 1 - Layout of the arterial street intersection in Shymkent (prior to construction of the transport
interchange) [Authors’ material]

Assessment of the existing traffic intensity at the studied intersection was carried out based on
field surveys of traffic flows. Measurements were conducted on typical working days during morning
and evening peak hours, taking into account daily and hourly traffic variability. Traffic intensity was
recorded for the main movement directions with classification of vehicles by category (passenger
cars, freight vehicles, and public transport). The obtained data were used to determine the degree of
intersection loading, identify conflict points, and assess the level of service.

2.2 Research methodology

The research methodology is based on a consistent multi-stage approach that integrates field
data collection, analytical assessment, and comparative evaluation of design solutions (figure 2).

At the first stage (figure 2), an analysis of regulatory and technical documentation of the
Republic of Kazakhstan and international scientific studies was conducted. This stage made it
possible to identify the main requirements for the design of transport interchanges and the limitations
associated with dense urban development. At the second stage (figure 2), field observations of traffic
flows were carried out at the studied intersection. Traffic counts were conducted during morning and
evening peak periods on working days. Vehicle flows were classified by type (passenger cars, buses,
freight vehicles), and traffic intensity was recorded for the main movement directions. At third stage
(figure 2), the existing planning structure of the intersection was analyzed, including road geometry,
surrounding development, and engineering infrastructure. Constraints related to limited space and
urban environment were identified. At fourth stage (figure 2), Future traffic demand was estimated
using a growth model based on an annual growth coefficient. This made it possible to assess the
projected load on the intersection and justify the necessity of grade separation. Next stage (figure 2)
based on the collected data and identified constraints, alternative transport interchange solutions were
developed, considering both traffic requirements and spatial limitations. At the final stage (figure 2),
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the developed design options were evaluated using a set of criteria, including traffic capacity, spatial
feasibility, and economic indicators, which allowed the selection of the most rational solution.

Stage 1 — Analysis of regulatory and
scientific sources

L

Stage 2 — Field surveys of traffic intensity

-

~ J

¢

Stage 3 — Assessment of transport and spatial
conditions

L

[ Stage 4 — Forecasting of traffic intensity }

L

Stage 5 — Development of design
alternatives

L

Stage 6 — Comparative evaluation of
alternatives

Figure 2 - Research methodology algorithm [Authors’ material]

At the same time, an analysis of international experience in the design of transport interchanges
was carried out, aimed at identifying the most effective engineering and planning solutions applied
under conditions of dense urban development, as well as at assessing the possibilities of their
adaptation to local conditions.

To obtain objective baseline data, field surveys of traffic flow intensity were conducted at the
studied intersection, including recording traffic volumes along the main directions at different times
of day. The obtained results were used to assess the degree of intersection loading and to determine
the necessity of transitioning to a grade-separated traffic organization.

Based on the collected data, a comparative analysis of alternative transport interchange design
solutions was performed, in which various traffic organization schemes were examined with due con-
sideration of the spatial constraints of the site. The final stage of the methodological framework in-
volved evaluation of the design solutions according to a set of technical, functional, and economic
criteria, which made it possible to substantiate the most rational transport interchange option for im-
plementation under conditions of dense urban development.

2.3 Research algorithm
The overall research algorithm is presented as a sequence of interrelated stages:
1. Analysis of international experience and regulatory requirements
2. Field surveys and collection of traffic data
3. Assessment of existing transport and spatial conditions
4. Forecasting of traffic intensity
5. Development of alternative design solutions
6. Comparative evaluation and selection of the optimal option
The proposed algorithm ensures a systematic approach to the justification of transport
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interchange design solutions under conditions of dense urban development.
3 RESULTS AND DISCUSSION

The results of the conducted surveys showed that during peak hours the total traffic intensity
through the intersection exceeds the calculated capacity of the junction. This leads to queue formation
and a reduction in average travel speed. The greatest delays are observed along the directions of the
main traffic flows, which confirms the necessity of transitioning to a grade-separated traffic
organization solution. Data on traffic intensity prior to the construction of the transport interchange
are presented in figure 3 and were subsequently used to substantiate the proposed design solutions.
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Figure 3 - Traffic intensity at the intersection prior to construction of the transport interchange (traffic intensity diagram
for 2025, vehicles/day) [Authors’ material]
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Based on the field survey data, an assessment of future traffic demand was carried out. The
calculation of projected (forecast) traffic intensity was performed for a design horizon of 12 years
using an annual traffic growth factor of 1.04, which corresponds to the forecasted rate of motorization
growth in large cities of the Republic of Kazakhstan. The results of the calculations of current and
projected traffic intensity for the main movement directions are presented in Table 1. Analysis of the
obtained data showed that, at projected traffic volumes, at-grade operation does not provide the
required level of capacity. This confirms the necessity of implementing a grade-separated intersection
with separation of traffic flows across different levels.

To quantitatively assess the traffic load at the studied intersection, field surveys of traffic
intensity along the main movement directions were conducted. Vehicle counts were performed with
differentiation by travel direction and vehicle type during representative periods of the day. The
survey results, reflecting daily and design hourly traffic intensities, are presented in Table 3.

Table 3 - Traffic flow intensity at the intersection of Zhibek Zholy and Sairamskaya streets in Shymkent (daily and hourly
values) [Authors’ material]
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Main roads

2021 25173 3937 3936 8789 12404 4857 5399 67616

2022 26180 4094 4093 9141 12900 5051 5615 70321

2024 28316 4429 4427 9886 13953 5463 6073 76059

2042 57363 8972 8969 20028 28266 11068 12303 154081
Calculation of the reduced intensity to the A2 load

2024 28316 4429 4427 9886 13953 5463 6073 76058,804

Npr 0 49 1018 0 837 2513 1032 14928
Conversion factors 1 3 5 2 2 3 3

Brought to azgjszsgenger car for 57363 26915 44846 30042 56532 27670 36909 305169

Sairamskaya

Sairamskaya

Analysis of the data presented in Table 3 indicates that the intersection of Zhibek Zholy and
Sairamskaya streets operates under conditions of high traffic demand. On certain approaches and
movement directions, hourly traffic volumes are recorded that approach or exceed the permissible
limits for a single traffic lane. The main arterial traffic directions are the most heavily loaded, which
leads to the formation of persistent traffic congestion during peak hours and a reduction in average
travel speed.

The obtained traffic intensity values confirm that the existing at-grade traffic organization
scheme does not provide the required level of capacity and does not correspond to projected operating
conditions. These results served as the baseline for the development and comparative analysis of
alternative grade-separated transport interchange options.

Based on the analysis of traffic flows, existing spatial constraints, and the requirements of
regulatory documents [29;30], alternative design options for the transport interchange were
developed. The primary objective of the design solutions was to ensure the required traffic capacity
while minimizing impacts on surrounding development and existing infrastructure. Within the scope
of the study, two alternative interchange configurations were considered (schematic layouts are
shown in Figures 3 and 4). To substantiate the selection of the structural solution, a comparative
analysis of the proposed options was carried out. The key technical and functional indicators of these
options are summarized in Table 4.

Option 1 (figure 4) of the transport interchange provides for uninterrupted (non-stop) traffic in
both directions along Zhibek Zholy and Sairamskaya streets. Left-turn movements are proposed to
be accommodated by two separate overpasses (flyovers) located along Zhibek Zholy on the right and
left sides of the intersection. Under this design, traffic flow along Zhibek Zholy would be constrained
in the outer right lanes in both directions, since vehicles making a left turn from Zhibek Zholy must
cross the intersection with Sairamskaya via an overpass, then proceed to a dedicated turning area,
perform a U-turn, and finally merge into the outer right lane. Similarly, vehicles turning left from
Sairamskaya are required to first execute a right turn, travel along the outer right lane to a turning
area, perform a U-turn, and then enter the outer right lane in the opposite direction. This scheme
creates an additional load on the outer right traffic lanes. In addition, construction of the turning area
would require further demolition of existing buildings. The calculated traffic load on the outer right
lane in Option 1 is approximately 12,891 vehicles/day (2,153 vehicles/hour per lane), which exceeds
the maximum allowable intensity of about 2,000 vehicles/hour per lane. Moreover, traffic intensity
on the two-level turning ramp reaches 17,786 vehicles/day (2,970 vehicles/hour per lane), which is
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significantly higher than the permissible limit of 2,000 vehicles/hour. Thus, traffic operation at the
interchange under Option 1 would be substantially hindered due to overloading of individual
interchange elements.

Traffic volume:
49,200 veh/day

Existing condition

Proposed design
— — Right-of-way lines
— — Right-of-way lines

:3'?" -

Figure 4 - Layout of the proposed Option 1 transport interchange at the intersection of Zhibek Zholy and Sairamskaya
streets [Authors’ material]

Option 2 (figure 5) of the transport interchange also provides uninterrupted traffic along the
main directions of Zhibek Zholy and Sairamskaya streets, but is implemented as a three-level
configuration: Zhibek Zholy runs at the upper level (overpass), Sairamskaya runs at the lower
(underground) level, and a roundabout is arranged between the upper and lower levels to distribute
turning traffic flows. This scheme eliminates vehicle accumulation and stopping at the intersection,
as all left-turn movements are carried out via circulation on a compact roundabout, which is not
expected to be overloaded. The design diameter of the roundabout is approximately 40 m, which
minimizes the occupied area and allows the interchange to be integrated into constrained urban
development conditions [31;32]. Traffic intensity on the roundabout is relatively low and amounts to
about 27,197 vehicles/day (1,514 vehicles/hour per lane), which is below the permissible limit of
2,000 vehicles/hour. Thus, the capacity of the roundabout interchange will be sufficient with an
adequate margin, and vehicle accumulation on the roundabout is not expected.

= = =

e -

NV 0101 ™ SRR T3S By o
v

Existing condition
Proposed design
§ — — Right-of-way lines 4
|| — — Rioht-of-waylines . <7 K -~ |

.. S 128 - a I‘—_. _ 8.
Figure 5 - Layout of the proposed Option 2 transport interchange (with an internal roundabout) at the studied junction
[Authors’ material]
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For a clear comparison of the key parameters of the developed solutions, a comparative
table of the main characteristics of the two options is presented below.

Table 4 - Comparative characteristics of the transport interchange options [Authors’ material]

Option 2 (overpass + tunnel +

Ne Indicator Option 1 (overpasses + turnaround ramps) roundabout)
Three-level configuration (upper-level
Two-level configuration (uninterrupted move- through movement along Zhibek
1 Level ment along the main directions; left-turn move- Zholy, lower-level through movement
configuration ments accommodated via separate overpasses and  along Sairamskaya, with an intermedi-
a turnaround facility). ate roundabout accommodating all
turning movements).
Left turns are executed via an initial right turn fol-
lowed by a U-turn on separate ramps (direct left  Left-turn traffic flows circulate through
2 Left-turn turns at the intersection are not provided). Left the central roundabout, without the
organization turns are executed via an initial right turn fol- need for additional U-turns at a dis-
lowed by a U-turn on separate ramps (direct left tance.
turns at the intersection are not provided).
Requirement for ~ Demolition of buildings is required to accommo-  There is no need to demolish existing
3 demolition of  date the turnaround ramps (expansion of the right-  buildings (compact layout within the
buildings of-way). existing boundaries).
Maximum load Right-turn lanes are overloaded, reaching up to The load on the roundabout is approxi-
4 onanindividual approximately 2,153 vehicles/hour per lane (ex-  mately 1,514 vehicles per hour per lane
element ceeding the allowable capacity). (within the permissible capacity).
5 Estimated cost Approximately KZT 32 billion (high construction ~ Approximately KZT 20 billion (§|gn|f|—
cost). cantly lower than the cost of Option 1).
. Low efficiency (risk of localized overloading, im-  High efficiency (the required capacity
Efficiency . : A . . . .
6 assessment pediments to traffic flow, and negative impacts on is ensured with minimal impact on the

the surrounding development).

urban environment).

Considering the projected traffic demand, constrained spatial conditions, and techno-economic
indicators, the most rational solution for the given conditions is the transport interchange option that
achieves a balance between traffic capacity and urban planning constraints [31]. The selected design
solution (the option with a roundabout at the intermediate level) makes it possible to significantly
improve the operational efficiency of the junction and creates a reserve for the further development
of the area’s transport infrastructure.

Analysis of international experience [15; 24-26] has shown that, despite the evident advantages
of grade-separated transport interchanges, their implementation under conditions of dense urban
development is associated with a number of challenges, including high construction costs, the need
for land acquisition and demolition of existing buildings, as well as adverse impacts on the
environment and the urban fabric. Therefore, careful elaboration of design solutions at the early
planning stages is particularly important to minimize these risks. The case of the intersection of
Zhibek Zholy and Sairamskaya streets illustrates a typical situation in which prospective growth in
traffic demand necessitates a transition from an at-grade traffic scheme to a grade-separated one. An
increase in traffic intensity within the existing configuration inevitably leads to congestion and
reduced traffic speeds, which substantiates the rationale for selecting a grade-separated interchange
solution.

A comparison of the two developed interchange options revealed substantial differences in their
technical and operational characteristics. The option incorporating a roundabout at the intermediate
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level proved to be optimal in terms of capacity and with respect to minimizing impacts on the
surrounding development. The comparative analysis demonstrated that the second option provides
the required capacity under projected traffic volumes and is characterized by a lower negative impact
on existing buildings and infrastructure. Its estimated cost (approximately KZT 20 billion) is
significantly lower than that of the first option (approximately KZT 32 billion), which enhances its
economic feasibility. In addition, socio-urban considerations played an important role: the second
scheme minimizes intervention in the residential environment and avoids the need for demolition of
existing buildings. This contributes to a more favorable perception of the project by local residents
and reduces potential social conflicts during implementation.

Thus, the comprehensive substantiation of the design solution confirmed that the second option
achieves a balance between the need to increase the capacity of the transport node and compliance
with urban planning constraints, while minimizing financial and social costs.

The obtained results were compared with findings from previous studies on the design and
performance of transport interchanges in dense urban environments.

Consistent with the results reported by Wang [33] and Naser [15], the present study confirms
that grade-separated interchanges significantly improve traffic capacity and reduce delays compared
to at-grade intersections. However, unlike these studies, which are primarily based on idealized or
less constrained conditions, the current research demonstrates that the effectiveness of classical multi-
level solutions may be substantially reduced under conditions of limited urban space due to the
formation of localized bottlenecks and excessive load on individual elements of the interchange.

The findings also support the conclusions of Conticelli [9] and Ivashenko [17], who emphasize
the importance of integrating transport infrastructure into the urban environment. In this study, it is
shown that design solutions requiring demolition of existing buildings and expansion of the right-of-
way are less preferable, even if they provide sufficient traffic capacity.

At the same time, in contrast to studies focused on intelligent or experimental traffic
management systems [19;20], the present research demonstrates that, under real conditions of
developing cities such as Shymkent, practical and implementable engineering solutions remain more
relevant than conceptual models.

A key contribution of this study is the demonstration that the optimal design solution should be
selected not only based on traffic performance indicators but also by taking into account spatial
constraints, economic feasibility, and urban-planning impact. This confirms the need for a multi-
criteria approach, which is insufficiently addressed in existing research.

Thus, the results of the study expand existing knowledge by providing an applied framework
for selecting transport interchange solutions under conditions of dense urban development, based on
real data and integrated evaluation criteria.

4 CONCLUSIONS

The study presents a comprehensive justification of transport interchange design solutions un-
der conditions of dense urban development, based on an integrated and multi-criteria approach.

The main scientific results of the study are as follows:

1. It is established that under conditions of limited urban space, conventional multi-level inter-
change solutions may lose their effectiveness due to the formation of localized bottlenecks and ex-
cessive load on individual elements of the interchange.

2. A methodological approach for the selection of transport interchange design solutions is de-
veloped, which integrates traffic performance indicators with spatial constraints, economic feasibility,
and urban-planning factors.

3. Based on field data and forecasting of traffic intensity, it is demonstrated that the existing at-
grade intersection does not meet current and projected transport demand, which justifies the necessity
of grade separation.
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4. A comparative analysis of two design alternatives shows that a three-level interchange with
an intermediate roundabout provides the optimal balance between capacity, spatial feasibility, and
cost efficiency.

5. It is demonstrated that compact design solutions that minimize the impact on existing devel-
opment are more effective under conditions of dense urban environments than traditional large-scale
interchange configurations.

The obtained results may serve as a practical basis for the planning and design of transport
infrastructure in rapidly developing cities and contribute to more effective decision-making in the
development of transport interchanges under conditions of constrained urban development.
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